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ABSTRACT
In the design for any development, the management of storm and wastewater is
crucial in creating a viable product. The NOLA complex is a development in Oxford, MS
that consists of residential as well as commercial units. The stormwater management
systems designed for this facility include: an underground storage device, separate ductile
iron pipes for the stormwater and wastewater outflows, a rain garden for green alternative
storage. The underground storage system is designed for the 500-year storm and to fit
under the southwest parking lot on the site. The stormwater outflow pipe will be designed
for the 100-year storm, while the minimum diameter for wastewater pipe is used per city
code. In addition, the rain garden, located on the southwest side of the site, will reduce
the amount of storage volume required by the underground storage tanks.
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INTRODUCTION
As the population of the world is increasing every day, the need for new
developments will continue to be important. Whether commercial, residential, or
industrial, the sites will need proper storm and wastewater management. Often
overlooked by someone not familiar with the concept of construction and site
development, this field of management plays a large role in maintaining a safe and stable
environment for the public (North Carolina Department of Health and Human Services).
Without careful engineering, new and even existing properties can be negatively affected
by poorly designed storm and wastewater systems.
The objectives of this report are to calculate and design an underground storage
system, outlet stormwater pipe, and a wastewater pipe for the Nola development in
Oxford, MS. In addition, a rain garden is designed as a green alternative to water storage
for the complex.
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I-1 STORM AND WASTEWATER MANAGEMENT

Stormwater is any precipitation that is considered runoff during a rain or snowfall
event (Overview of Basic Stormwater Concepts). Runoff, in simple terms, is rainfall that
is not absorbed within the ground and therefore will follow a flow path based on the slope
and material of which the precipitation has landed (Surface Runoff). As urbanization not
only contributes to content of stormwater but also increases impervious surfaces which
increase runoff, controlling what goes into stormwater systems can create a variety of
problems for the public. Sedimentation, chemicals, and harmful pollutants can enter our
water systems and eventually make their way to into rivers and oceans (Mays 18).
In addition to stormwater management on a site, wastewater must be taken into
account as well. Wastewater can be any water that is used by people within the dwelling
units of a site. Wastewater is any liquid or solid human waste that is produced by
appliances (North Carolina Department of Health and Human Services). Because the
NOLA site will contain appliances used by humans on a regular basis, it is important to
develop a design for the wastewater system.
Careful design considers a variety of factors for controlling the amount of runoff
from the post-developed site. A large factor in considering the amount of runoff produced
by a development is the land use and material in which the flow will occur. For example,
areas with coverage of grass or exposed dirt will have a greater tendency to absorb rain
water. Opposingly, more impervious materials such as the asphalt used for parking lots,
does not allow water to infiltrate, forcing it to collect and flow off the surface (Mays
302). Herein lies the need for stormwater control. An undeveloped site with large
coverage of porous material transforms into a commercial district with impervious
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structures now covering the majority of the site. Stormwater management seeks to divert
and retain this runoff to closely replicate the flow conditions of the pre-developed site.
Culverts, underground detention basins, drains, and pipes are all typical devices used to
maintain a safe and manageable system (May 612). However, green infrastructure is
making its way into stormwater systems, and structures such as rain gardens are being
used as a natural replacement for storage basins (Rain Gardens).
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I-2 THE NOLA SITE

The NOLA, is a new 75,000 square foot mixed-use development in the city of
Oxford, MS. Located at the intersection of Jackson Avenue and Heritage Road, this
complex includes a ground floor of commercial space and two additional floors for
residential condominiums (The Nola). The current property is valued at $250,000 and is
in owned Triton Holdings Two LLC (Lafayette MS Parcel Viewer). Courtesy of Google
Maps™, an aerial view of the location is shown in Figure 1 (Google Maps).

Figure 1: Google Maps™ Imagery of Undeveloped Site for the NOLA
The residential units of the complex consist of one, two, and three-bedroom
layouts that are in various locations within the building (The Nola). The surrounding
areas include existing apartments to the west, as well as a commercial strip to the east.
According to the plans provided by the architects at Eley and Barkley, the project scope
4

also includes renovating the west parking area of the existing commercial strip, even
though it is not included within the property lines (Eley and Barkley).
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METHODS
M-1: INTRODUCTION

This section will outline the means of calculations and assumptions involved in
calculating a time of concentration Tc for both the pre-developed and post-developed
conditions on the NOLA site. Preliminary calculations were performed using an Excel
Workbook, and later analysis was performed on HydroCAD Stormwater Modeling
©

software for comparison. Although hand calculations were performed during the course
of this project, it is important to note that all values used for design purposes stem from
the HydroCAD outputs (HydroCAD Software Solutions LLC).
©

Likewise, wastewater design consists of using a manual from the North Carolina
Department of Health and Human Services to estimate the peak amount of wastewater
that can occur on the site. This data will be used to then calculate a sufficient pipe size for
the system. For the green alternative, rain garden, an area is chosen based on the
architectural plans and an Excel spreadsheet is then used to discern optimum material
content for storage volume.
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M-2: TIME OF CONCENTRATION (TC)

M-2.1: Background

Finding the Tc for a site is important in the process of controlling and calculating
the flow rate, and also gives preliminary values for design purposes. The time of
concentration can be calculated by a variety of methods as outlined in the National
Engineering Handbook (National Resources Conservation Service). Based on Ordinance
No. 2018-14 in the Oxford, MS Code of Ordinances, the time of concentration should be
calculated using the velocity method given in the National Engineering Handbook,
Methods for Estimating Time of Concentration (National Resources Conservation
Service) (Ordinance No. 2018-14). Therefore, all calculations outlined in this section are
performed to these standards and guidance.
The calculation of Tc involves variables based on the site use, size, and rainfall.
The velocity method incorporates all of these factors on the premise that the total time of
concentration is the sum of various flow times along the assumed flow path distance
(National Resources Conservation Service). The travel times can be calculated from three
types of assumed flow: Sheet Flow, Shallow Concentrated Flow, and Open Channel
Flow. In this analysis, only Sheet and Shallow Concentrated flow are used to calculate
the time of concentration. Each flow assumption used is based on a set of parameters that
best fits the area where Tc must be calculated.
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Sheet Flow: based on the kinematic wave theory and later simplified by the NRCS,
the key features of this type of flow are based on the following assumptions (Module 206
A - Time of Concentration):
•

Steady and uniform flow occurs (constant over distance and time)

•

Depth cannot exceed 0.1 ft

•

Used with a max length of 100 ft. (National Resources Conservation Service)

Equation M-1 from the NRCS handbook (15-8) is used for shallow flow calculations.

𝑇! =

0.007 (𝑛𝑙)!.!
(𝑃! )!.! 𝑠 !.!

Equation M-1

Where:
•

The travel time (Tt) is given in hours

•

Manning’s roughness coefficient (n) found in table 15-1 of the NRCS handbook

•

l is the length of flow (ft)

•

P2 is the 2-year, 24-hr rainfall (in)

•

s is the slope of the watershed in ft/ft (National Resources Conservation Service).

Shallow Concentrated Flow: this flow typically occurs immediately after sheet flow
has been calculated for the first 100 feet of flow. The calculation of travel time is related
to the assumed velocity and length of the remaining flow where the velocity depends on
the channel slope as well as the site usage. Using these parameters, the velocity can be
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calculated from Figure 15-4 in the NRCS handbook shown below and in Appendix A1.5.
Equation M-2 from the NRCS handbook shows this relation (NRCS).

𝑇! =

𝑙
3600𝑉

Equation M-2

Where:
•

The travel time (Tt) is given in hours

•

l is the length of flow (ft)

•

Velocity (V) is in (ft/s)

M-2.2: Predevelopment Tc

Finding Tc for the pre-developed site for the NOLA requires assumptions and
measurements based on the properties of the land.
Manning’s Coefficient (n): This value is based on the current use and properties
of the undeveloped site. Table 15-1 from the NRCS Handbook, shown in Appendix A-1.3
provides values for various land types. Observation of the land and the typical
assumptions for land types in this specific area of Oxford, MS indicate the land to be
woods with light underbrush. This classification requires a value of 0.40 for the
Manning’s coefficient for sheet flow.
Length (l): The length of flow is represented as the two furthest points of the
watershed defined on the site. Using an annotative software, Bluebeam , and the scaled
©

civil site drawings provided by NOLA architects Eley & Barkley, the length was
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determined to be 549 feet. However, this value will not be used for either of the lengths
for sheet and shallow concentrated flow as sheet flow can only be measured for the first
100 feet. So, the length value for sheet flow is 100 feet while the length for shallow
concentrated flow is 449 feet (Total Length – 100 feet). Appendix A-1.1 shows the
measurement defined on the plans (Eley and Barkley).
P2: This value represents 2-year, 24-hr rainfall amount for Oxford, MS. From the
NOAA data shown in Appendix A-1.4, this value is provided as 4.24 inches (US
Department of Commerce).
Slope (s): Defining the slope for the site was again based on the elevations
provided by the civil drawings in the plans provided by Eley and Barkley. The elevation
difference between the furthest points of the length stated above along with basic
geometry calculations provided information to produce a slope value of 0.06 (ft/ft). A
detailed drawing of this calculation is shown in Appendix A-1.2.
After the values have been determined, equation M-1 can be used to calculate the
first travel time for sheet flow. Table 1 below shows an overview of the assumed
variables as well as the output for sheet flow.

Table 1: Predevelopment Sheet Flow Inputs and Tt
Variable
Length (ft)
Manning’s (n)
P2 (in)
Slope (ft/ft)

Value
100
0.40
4.24
0.06

Tt (hours)
Tt (min)

0.20
12.02
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The remainder of travel time is calculated using the shallow concentrated flow
method and the parameters are defined below.
Length (l): As aforementioned the remaining length of flow after the first 100 feet
of sheet flow will be the value used in this procedure. So, 449 feet (Total Length – 100
feet).
Velocity (V): To find the velocity of the site, both the slope (0.06) and the land
usage (woodlands) defined above are used. Figure 2 from the NRCS Handbook shows
how the velocity of 1.25 ft/s is found (NRCS).

Figure 2: Finding Velocity of Predevelopment Shallow Concentrated Flow
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After the values are defined, equation M-2 is used to calculate the remaining
travel time for the pre-developed site. An overview of the inputs and travel time are
shown below in Table 2.

Table 2: Predevelopment Shallow Concentrated Flow
Variable
Length (ft)

Value
449

V (ft/s)

1.25

Tt (h):
Tt (min):

0.10
5.99

Summing the predevelopment travel times for sheet and shallow concentrated
flow provides the total time of concentration (Tc) for the defined watershed and is shown
in Table 3 below.

Table 3: Total Tc for Predevelopment
Flow
Sheet
Shallow Concentrated
Sum

Tt (min)
12.02
5.99
18.01

M-2.3: Post-Development Tc

Finding the time of concentration for the post-developed site follows the same
process as described above for predevelopment with the main difference being the usage
of the site. This difference not only causes the manning’s coefficient to change, but
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separate calculations must be made using different coefficient values because off the
multiple conditions that will exist once the development has occurred.
Using the plan view of the site provided by the architects Bluebeam, the assumed
properties of land use can be found. For ease of estimation, the land use is broken up into
two categories: commercial/asphalt, and grass. Appendix A-1.6 shows the estimated area
of grass versus asphalt/commercial on the site. The approximate values are given as:

•

Total Site Area – 1.75 acres

•

Commercial/Asphalt Area – 1.48 acres (84%)

•

Grass Area– 0.28 acres (16%)

Using the percentages found above, the total flow length of the site was broken into
two parts by multiplying the percentages by the total length.

•

Total Length – 549 ft

•

Commercial/Asphalt Length – 461.7 ft (84%)

•

Grass Length – 87.3 ft (16%)

This allocation of ground type based on the varying conditions allows for more
detailed calculations when finding the time of concentration.
For post-development sheet flow, the first 100 feet are assumed to be on the
commercial/asphalt section. Here, the values for the length, slope, and P2, are the same
for the predevelopment sheet flow calculations. The manning’s value, however, greatly
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changes to 0.011 for smooth asphalt surfaces based on the NRCS handbook chart shown
in Appendix A-1.3.
The remaining travel times are broken up into two instances of shallow concentrated
flow, one for the remaining asphalt area, and the other for the smaller grassy area. As
shown above, the value for the length of flow over grass is assumed to be 87.3 feet and
will used as the length in equation M-2. The velocity value is again found by using
Figure 2 and the known slope value of 0.06 ft/ft. This results in a velocity of 4.0 ft/s for
the grassed waterway.
For the final length of shallow concentrated flow over asphalt, the remaining flow
distance of 361.7 feet is used. In order to find the velocity, equation M-3 is used resulting
in a velocity of 4.98 ft/s. This equation is developed from the NRCS chart (Figure 2), and
the table can also be found in Appendix A-1.7 (NRCS).

𝑉 = 20.328𝑠 !.!

Equation M-3

The sum of the three travel times provided by the post-development site are
shown in Table 4 below. The Excel workbook for both the pre and post-development Tc
calculations is located in Appendix A-1.8 and A-1.9.

Table 4: Total Tc for Post-development
Flow
Sheet
Shallow Concentrated (Grass)
Shallow Concentrated (Asphalt)

Value (min)
0.68
0.36
1.21
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Sum

2.25

M-2.4: HydroCAD Tc Modeling
©

Modeling in HydroCAD requires specific inputs based on many of the variables
©

discussed in the previous sections on Tc hand calculations. The most popular method for
calculation is by following the steps outlined in the TR-55 manual provided by the
USDA, which includes the same equations used for the velocity method above (United
States Department of Agriculture). Because of this similarity, the manual inputs into the
software shall be the same as those found above.
To begin the modeling process, a single subcatchment and pond are created in the
model space. The subcatchment is then defined to the specifications of the land type (CN
value), and the area in acres. Figure 3 shows the subcatchment and pond relationship as
well as specifications of the land for the pre-developed site. The inputs for the postdeveloped conditions are broken up into two areas, urban commercial and good grass
coverage as calculated in section M-2.3. Appendix A-1.10 shows these inputs for the
post-developed site.
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Figure 3: Subcatchment/Pond Layout and Subcatchment Properties
Once the properties of the subcatchment have been assigned, the various flow
types are defined to find the time of concentration. As discussed previously, the two types
of flow used for calculations are sheet and shallow concentrated flow. Each flow type has
a set number of variables that must be entered by the user (HydroCAD Software
Solutions LLC). Figure 4 shows the available inputs for sheet flow. Again, all inputs for
sheet flow are exactly as described in section M-2.1, with the length of sheet flow not
exceeding the allotted 100 feet. For the post-development sheet flow, the same values
were used as described in section M-2.2 and are also shown in Appendix A-1.11.
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Figure 4: HydroCAD© Inputs for Sheet Flow
After sheet flow has been assigned to the subcatchment, the remaining flow is
calculated using the shallow concentrated flow method. This is broken up into a single
calculation for the predevelopment, and two calculations for the post, in reference to the
hand calculations in the previous section. The inputs for both pre and post-development
are the same as those described in sections M-2.1 and M-2.2, respectively. Figure 5
below provides an example input window for the shallow concentrated flow for the
predevelopment site. Appendices A-1.11 and A-1.12 show the summation of the
predevelopment and post-development flows and their corresponding Tc values.

17

Figure 5: HydroCAD© Inputs for Pre-Developed Shallow Concentrated Flow
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M-3: PEAK FLOW RATES, QP

M-3.1: Background

This section discusses the methods for calculating the peak flow rates (Qp) for the
pre-developed and post developed conditions of the site. Similar to the time of
concentration section, hand calculations were performed in addition to values produced
from HydroCAD . To reiterate, all final design values used will be from the outputs of
©

HydroCAD data.
©

Finding the peak flow for a site depends on a variety of conditions, with the
ultimate goal being to produce peak flow rate for design of a specific runoff volume
(Mays 614). Knowing that the Rational Method is used primarily for runoff prediction
and pipe sizing, it is selected in this analysis as means of best practice (Yen and Akan).
Numerically, the value of peak flow can be solved by using equation M-4 from
May’s Water Resources Engineering, 2nd Edition where (Mays 614):

𝑄 = 𝑘𝐶𝑖𝐴

Equation M-4

Flow Rate (Q): Given in cubic feet per second (cfs) and will represent the peak
flow for the development.
Conversion Coefficient (k): This value is 1.0 for calculations using US Customary
Units, and 0.28 for those using SI Units.
Runoff Coefficient (C): A value based on flow rates and the permeability of the
surface of the watershed. The higher the value, the lower the infiltration ability of the
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material. Therefore, materials such as asphalt, with a high C value have little to no
permeability (The Clean Water Team). This value can be found from Table 15.2.3 in
Mays or Appendix A-1.13.
Intensity (i): In relation to the intensity of rainfall that is represented as a depth
over a specific period of time (Mays 254). This value can be found via the NOAA
Hydrometeorological Design Studies Center PF Data Server which provides the intensity
for a given geographic location (US Department of Commerce).
Area (A): The total area of the watershed, but if multiple C values are used, it
must be broken into the specific proportions and multiplied by the designated coefficient
value.

M-3.2: Predevelopment Peak Flow

Defining variables for the predevelopment site involves an investigation of the
land usage and intensity values given by the NOAA data center. Based on previous
calculations for time of concentration and the NOAA chart, the intensity must be
interpolated as the calculated Tc value falls between two time periods (Surbeck) . The
linear interpolation for the intensity of interest using equation M-5 where: y is the
intensity being calculated for and x is Tc calculated in the previous section. The
remaining x and y values are the time duration and intensity, respectively. The values of
intensity are found for the 2, 10, 25, 100, and 500-year storm and the values are shown in
Appendix A-1.15.

𝑦 = 𝑦! + (𝑥 − 𝑥! )

𝑦! − 𝑦!
𝑥! − 𝑥!

Equation M-5

20

Once the interpolated intensity values are found for each storm recurrence
interval, the coefficient of flow must be determined by the process stated in M-3.1. The
site is undeveloped forest/woodlands, and based on previous calculations, has a slope
within the average range of 2-7% (Mays 615). Therefore, the coefficient value will be
selected from this category for the 2, 10, 25, 100, and 500-year storms. The values are
then substituted into equation M-4, and a flow rate is determined for each of the storm
conditions. For an overview of the inputs and related flow rates for the predevelopment
site, please refer to Appendix A-1.16.

M-3.3: Post-Development Peak Flow

Similar to the process of determining variables for the predevelopment site, the
post-developed calculations also require some statistical modification, but for the
determination of the flow coefficient values. The intensity, unlike the predeveloped
method, does not require interpolation due to the Tc being an exact value on the tables
provided by the NOAA database (US Department of Commerce). This is due to the
conditions of minimum time of concentration that are described by the Oxford, MS
stormwater management ordinance that is elaborated on in the Results and Discussion
section of this report (Ordinance No. 2018-14). Therefore, the intensity values were
selected directly from the database for the 2, 10, 25, 100, and 500-year storms.
Because the site is defined as two different areas, the flow coefficient must be
incorporated as a weighted value in respect to the area it covers (Mays 615). Again, the
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two types of area defined for the site are asphaltic/commercial and developed grass areas
in good condition.

Equation M-6 is used to calculate the weighted values of C where: C1 and C2
represent the coefficient values for the two types of land use described above, and the
%A1 and %A2 represent the percent area of the associated type of land covers.

𝐶! = 𝐶! (%𝐴! ) + 𝐶! (%𝐴! )

Equation M-6

Once the weighted value of C has been calculated for each storm occurrence, the
values can be substituted into equation M-4 to find the flow rate.

M-3.4: HydroCAD Qp Modeling
©

The information for finding the peak flow rates form the HydroCAD model will
©

be discussed further in Results and Discussion, and the process is also outlined in M-4.2
for determination of storage volume.
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M-4: STORAGE VOLUME CALCULATIONS

M-4.1: Background and Theory

Storage volume for the NOLA site is determined by using the data computed in
the previous sections, as well as new material. The method used for determining the peak
runoff volume is the 1978 Abt and Grigg method (Mays 651). This method will assume
the inflow hydrograph is represented as a triangle, while the outflow will be a trapezoidal
shape shown in Figure 6 below.

Figure 6: Abt and Grigs Hydrograph (Courtesy of Mays 651)

Because of this specified shape, the geometry of the graph can be used to
determine the storage volume, Vs, for the site. The basis of these calculations comes from
equation M-6, provided by Mays, where: Vs is the storage volume in cubic feet, Vr is the
runoff volume in cubic feet, QA is the allowable peak flow in cfs, and QP is the peak flow
created by post-development site in cfs (Mays 651).
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𝑉!
𝑄!
= 1−
𝑉!
𝑄!

!

Equation M-6

According the city ordinances of Oxford, MS, the allowable peak flow for a post
developed site cannot exceed the initial flow rate from the pre-developed site. Therefore,
the allowable flow rate QA , is the flow from the predevelopment site. Additionally, the
code states that calculations for the 500-year storm must be used in design for
underground storage basins (Ordinance No. 2018-14). Therefore, the calculation for
storage volume uses the peak flows based on the 500-year storm event for both the pre
and post-developed conditions. For the remaining unknown variable for runoff volume,
Vr , equation M-7 from Mays is used.

𝑉! = 0.5𝑡! 𝑄!

Equation M-7

The introduction of this equation provides another unknown variable for
calculation, the base time (tb), which is the time for the flow to return to its base flow
(Guo). The base time can be calculated by using the geometry of the triangular shaped
graph and equation M-8 from Mays where: the base time is represented in minutes, and
time to peak (tp) is the time taken for the flow to reach its highest point. For tp, the time of
concentration for the post-development is used as that is when the storage site will
receive the highest influx of stormwater.
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𝑡! = 2𝑡! − 𝑡!

0.05𝑄!
𝑄!

Equation M-8

Once these variables have been defined, equation M-6 is rearranged to solve for
the storage volume required to develop an underground basin. An overview of the inputs
is shown in in Appendix A-1.17.

M-4.2 HyrdoCAD© Storage Volume

In section M-2.3, the methods for defining the subcatchment properties are
described and will be used in the current section for finding the storage volume. To run
the storm model, the storm type must be defined for the area of interest. Based on
information on the HydroCAD© website and in accordance with the ordinances of
Oxford, the most commonly defined storm is the Type II 24-hr event (HydroCAD©,
Ordinance No. 2018-14). This storm type is used for modeling throughout the entirety of
this report.
Once the storm type is selected for the model, specific rainfall events must be
defined. The four events used for modeling are the 2, 10, 25, and 100-year storm. These
four types can be uniquely defined by the depth of flow expected for the particular
occurrence, but the ordinances of Oxford clearly define the depths to use when creating
these models. According to Section 91-118 of the Oxford stormwater ordinance, the
depths to be used for the storms are 4.25 inches, 5.21 inches, 7.01 inches, and 8.75 inches
respectively. An example input of the 2-year storm event is shown in Figure 7 below.
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Figure 7: Defining Storm Events in HydroCAD©

Once the rainfall events have been defined, the software will output the peak
runoff, volume, and runoff depth for each particular event.
In order to design for the underground storage basin, the properties of the pond
must be defined. Per recommendation by Oxford Special Projects Engineer Steve
Brunton, P.E., the underground storage facility will consist of ADS StormTech MC4500+Cap. HydroCAD©’s internal data provides the information needed for this device
to calculate the storage volume the ADS material can hold, which is determined by the
number of devices selected, and the stone void space. Figure 8 shows the HydroCAD©
wizard provided to determine the storage based on the entered dimensions of the device.

26

Figure 8: HydroCAD© “Wizard” for Calculating Basin Storage Volume

Per recommendation by Oxford Special Projects Engineer, the design volume for
the underground unit is calculated using Equation M-9 . This value will be used as
minimum amount of stormwater the system can hold based on the specific dimensions
entered by the user such as the number of rows and chambers per row.

𝑉 = 60% (𝑃𝑜𝑠𝑡𝐷𝑒𝑣 𝑅𝑢𝑛𝑜𝑓𝑓 𝑉𝑜𝑙𝑢𝑚𝑒 − 𝑃𝑟𝑒𝐷𝑒𝑣 𝑅𝑢𝑛𝑜𝑓𝑓 𝑉𝑜𝑙𝑢𝑚𝑒)

Equation M-9

Changing these numbers will alter the target volume that can be found on the
bottom right portion of Figure 8 stating “Chamber Storage + Stone Storage”. After the
design volume is found as described above, the dimensions of the StormTech device are
modified to reach a value at or above the minimum required. Once a satisfactory storage
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volume is determined, the width and length of the combined structure is observed against
the potential site for the underground basin to ensure the dimensions are permittable.
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M-5: STORMWATER OUTFLOW PIPE DIAMETER CALCULATIONS

Designing the outflow pipe for a site is based on maintaining the same flow rate
into the current stormwater system as the pre-developed site provided (Ordinance No.
2018-14). To control this flow into the city’s current system, a pipe must be designed to
reflect the flow rate calculated for the 100-year storm on the pre-developed site. Using a
derivation of manning’s Equation provided by Mays and shown as equation M-9 below,
the flow condition can be input to find a diameter capable of controlling the flow at the
specified rate (Mays 621).

𝐷=

𝑚! 𝑄𝑛

!/!

𝑆!

Equation M-10

Where: the diameter (D) is given in feet, the flow rate used for design (Q), the site
slope, So as defined in the previous sections, manning’s coefficient (n), and a design
factor, md, that is equivalent to 2.16 for US Customary Units (Mays 621).
The pipe selected to transport flow consists of ductile iron with a manning’s
coefficient of 0.012 as it is one of the most commonly used pipes for stormwater
management (Engineering ToolBox). The defined variables are substituted into Equation
M-9 to give an appropriate internal diameter for the ductile iron pipe.
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M-6: WASTEWATER PIPE DESIGN

M-6.1: Determination of Wastewater Emitted from Site

Similar to designing for the stormwater pipe system, the peak flow of wastewater
must be determined for the developed site. The method used in this report comes from the
North Carolina Laws and Rules for Sewage Treatment and Dispersal Systems, as it
provides a comprehensive approach to estimating the amount of wastewater emitted by
both residential and commercial units (North Carolina Department of Health and Human
Services).
For dwellings, this method is based on the concept that each dwelling unit can be
used as a factor for calculating flow. For the NOLA site, a dwelling unit is a bedroom
that will hold two residents with each resident producing approximately 60 gallons per
day (gpd). Therefore, each bedroom will produce 120 gallons per day. But, according to
the rules outlined by NCDHS, a value of 240 gallons per day will be assigned as the
minimum flow from a dwelling unit (North Carolina Department of Health and Human
Services).
So, based off the regulations outlined, summing the number of bedrooms in the
apartment complex will result in the gallons per day for the two floors of residential units.
This process begins by referring to the architectural plans and counting the amount of
single, double, and three-bedroom dwellings. Figure 9 shows the three available units at
The NOLA. The red shade indicates a single unit, the purple contains two bedrooms, and
the green contains three bedrooms.

30

Figure 9: Architectural Layout for Three Different Room Types

Counts of each unit type are recorded on an Excel workbook, and equation M-11
is used to determine the total gallons per day emitted by the residential dwellings.

𝐺𝑃𝐷! = 120 (𝑈𝑛𝑖𝑡𝑠×𝐵𝑃𝑈)

Equation M-11
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Where: Units is the number of specified units containing a particular amount of
beds per unit (BPU), and the value of 120 represents the gallons per day emitted per
bedroom.

This equation is used for the units containing two or more bedrooms. The single
bedroom units, per code, are given the minimum value of 240 per dwelling unit, and that
number is multiplied by the number of single units available. A quantitative overview of
the counts of each type of unit is shown in Table 5 below. Floor one refers to the first
residential floor, not the ground/commercial floor.

Table 5: Counts of Unit Types for GPD Calculations

Floor

Units

1

16
3
10
3

2

Bedrooms Per
Unit
2
3
2
1

GPD (per bedroom)
120
120
120
240

Note: Floor 1 refers to the first residential floor, not the bottom/commercial units

Once the total outflow is calculated for the two residential floors, a different
method must be used to calculate the gpd emitted from the commercial units on the
ground floor. This method is still under the designation of the NCDHS from which the
information for commercial units comes from Table 5.1.1 of the guidelines and is shown
in Appendix A-1.18 (NCDHS).
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According to this table, stores, shopping centers, and malls are formulated to
produce 128 gallons of water per 1000 square feet of retail sales area. Based on this
guideline, the area of each commercial space is found using the architectural drawings
scale and Bluebeam® annotation software (Eley, and Barkley). An example of this
process is shown in Figure 10 below.

Figure 10: Area Determination Using Bluebeam®
Upon this calculation, three sizes of commercial space were accounted for and
used in this estimation: 1096 sf, 1246 sf, and 1261 sf. The equation for calculating the
gallons emitted per day is shown below as M-12.

𝐺𝑃𝐷! = 0.128×𝐴𝑟𝑒𝑎 (𝑈𝑛𝑖𝑡𝑠)

Equation M-12
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Where: area refers to the square footage of a particular commercial unit, and Units
refers to the number of units with that specific area, and 0.128 is the GPD divided by
1000 sf.

An overview of the counts and commercial units contributing to the wastewater
flow is shown in Table 6 below.

Table 6: Counts of Commercial Units

Floor

Units

Square Footage

Commercial

1
5
10

1096
1246
1261

GPD (per 1000 sf)
128
128
128

Once the flow produced by the residential and commercial units is found, the flow
rates can be summed together to find the total peak estimated wastewater flow from the
site. This value is then converted into cubic feet per second to be used in section M-6.2
for pipe size design.

M-6.2: Design of Wastewater Outflow Pipe

The process for finding the diameter to control the wastewater flow will follow
the same procedure as section M-5 for stormwater flow with the exception of assuming a
half full round pipe flow.
To begin this process the variables for equation M-10 must be defined for the
current design. To find the slope of the pipe, two elevations were selected on the civil site
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and calculated by basic geometry similar to the image shown in Appendix A-1.2 (Eley
and Barkley). The assumption for the length of the pipe is shown in Appendix A-1.3
where the red dimension is linear from top elevation to bottom elevation and the blue
dimension is in a series of segments that more closely represents typical installation
provided by architect. Because of this, the length value used for calculating slope is the
longer segmented pipe distance.
The flow rate used for this calculation comes from the previous section (M-6.1)
when all of the GPD values are summed and converted to cubic feet per second. Similar
to the pipe design in section M-5, the type of material selected is a ductile iron pipe with
a manning’s coefficient of 0.012. Again, the conversion factor, md, holds a value of 2.16
for using US Customary Units.
These values are substituted into equation M-10, and the output of the pipe
diameter will be given in feet. Regardless of output, the Oxford Specifications for
Wastewater and Sewer Facilities calls for a minimum pipe size of 8 inches for all gravity
based sanitary flow pipes (MS Public Works Department). Further details on this
restriction are covered in the results and discussion of this document.
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M-7: GREEN ALTERNATIVE DESIGN

M-7.1: Introduction

The proposed methods are used for creating systems commonly accepted for
stormwater management. Historically, these methods have been useful in managing the
flow of water from post-developed sites, but current times have allowed for some
practices that implement green infrastructure. This section proposes an alternative or
supplementary design with the purpose of providing benefit to the environment.

M-7.2: Rain Garden Design

The concept of a rain garden is based on the principle of natural absorption by the
ground to temporarily detain and absorb rainwater. In order to do this, a cutout of land is
dug to specific depths and backfilled with materials that are prone to high absorption such
as porous stone and sand which is then topped with specific types of plants (Rain
Gardens). The shape of the rain garden is dependent on the site and will be in the shape
of a triangle for the NOLA project (Alliance for the Chesapeake Bay). The proposed
location of the rain garden is shown in Figure 11.
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Figure 11: Proposed Rain Garden Location
The location of the rain garden is not solely based on the landscape available by
the drawings, but also depends on the slope of the site. Because the stormwater will flow
from higher elevations to lower, it is important to place the garden at a position to where
it can receive the best runoff (Alliance for the Chesapeake Bay). Based on this, the
location of the rain garden is on the westward side of the site in a grassy landscaped area.
The next aspect to consider, is the materials used to backfill, and the depths to
place them. Because porosity is a major factor for design, materials selected are those that
will provide support and absorption of stormwater. The materials used in this design
consist of sand, gravel, and a layer on top for ponding and plants (Surbeck). Each one of
these materials will have a value of porosity that will be used in sequence with the
estimated depths to produce a storage volume for the layer. For well graded gravel, the
porosity is 0.32 and for well graded sands, 0.42 (Soil Porosity).
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When the materials are selected for use, the depths of each must be designed to
maximize porous volume of the garden. This process consists of iterations of inputs of
associated layer depths to reach a specified storage volume. This is based on the area
considered, and the depth needed. Because the area determined will be a triangular prism,
the depth is the only parameter adjusted in these calculations. Using an Excel Worksheet
provided by Dr. Cris Surbeck, PE, these iterations are performed for each layer by
manually entering in depths in feet (Surbeck). An overview of this file is shown in
Appendix A-1.20.

𝑇𝑜𝑡𝑎𝑙 𝑃𝑜𝑟𝑒 𝑉𝑜𝑙𝑢𝑚𝑒 𝑉 = 𝐴

𝑒𝑑

Equation M-12

!"#$%

For finding the total available pore volume for the rain garden, equation M-12 is
used. Where area (A) is the constant surface area of the rain garden, porosity (e) are the
values given for the layer material, and depth (d) is the selected depth of the material. The
total pore volume output is given in cubic feet in accordance to inputting the depth in
units of feet.
The finished design for the rain garden includes the addition of plants for the
ponding layer. When selecting plants for use, multiple considerations must be taken into
account such as sunlight required, resistance to drought and flooding, and plants that are
visually pleasing (Rain Gardens). Some of the recommended plants for this area include
Acer rubrum var. drummondii (Swamp red maple) and Taxodium distichum (bald
cypress) which match all the defined properties (Mississippi State University Extension
Service).
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RESULTS AND DISCUSSION
The Methods section discussed the specific approaches for designing a storm and
wastewater system for The NOLA complex. This section will compound on those
processes to outline the results of the inputs described earlier in the report.
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R-2: TIME OF CONCENTRATION (TC)

The results of computing the time of concentration for the pre and post developed
sites are consistent with expectations regarding travel times, where the Tc for the predeveloped site is longer than that of the post developed. Due to the stark contrast between
a woodsy area and developed asphalt, the two values are appropriate for the conditions
and can be seen in Table 7 below.

Table 7: Tc for Post and Pre-Developed Site
Condition
Pre-Developed
Post-Developed
% Increase

Tc (min)
18.01
2.25
700.4%

In comparison to the time of concentration computed by HydroCAD©, the values
for the pre-developed site match and can be seen in Figure 12.
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Figure 12: Predevelopment HydroCAD© Tc Outputs
However, the outputs for the post-development concentration differ between the
Excel calculations and the model output shown in Figure 13. This could be due in part, to
the methods used for computing a time from shallow concentrated flow. Figure 4 shows
the available inputs for shallow concentrated flow, and all match those used in the Excel
file with the exception of the slope. Although unknown currently, the slope value could
have a potential effect on the time calculated depending on the internal mechanisms of
the HyrdoCAD© modeling process. Further investigation is required to find this
difference and is not in the scope of this report. Again, the values produced by software
modeling will be used in all design calculations.
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Figure 13: Post-Development HydroCAD© Tc Outputs
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R-3: PEAK FLOW RATE OUTPUTS, QP

The peak flow rates calculated by Excel and described in Methods section, M-3,
are shown below in Table 8. In finding these values (along with other known parameters),
the storage volume can be found as well as the outflow pipe diameter. For most designs,
only four storm types are considered 2, 5, 25, and 100-year storm. But, because the city
ordinances of Oxford state that underground basins must use the 500-year storm value, it
is evaluated in this report (Ordinance No. 2018-14).

Table 8: Excel Outputs for Peak Flow Rates
Predevelopment
Year
2
10
25
100
500
Post-Development
2
10
25
100
500

C
0.31
0.36
0.4
0.47
0.56

i (in/hr)
3.46
4.74
5.58
6.91
8.57

Q (cfs)
1.89
3.01
3.93
5.72
8.44

0.66
0.74
0.79
0.87
0.93

6.17
8.45
9.94
12.30
15.3

7.17
10.96
13.74
18.88
25.04

As expected, the flow rates of the post-development condition exceed those of the
predevelopment condition. When the Excel values are compared to the HydroCAD©
outputs shown in Figure 14, there is not a significant difference between the flow values.
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Figure 14: HydroCAD© Pre and Post Flowrates

The differences could occur for a variety of reasons including the amount of
iterations performed for the Type II-24 Hour storm and the coefficient (C) values used in
calculation. HydroCAD© uses multiple values of intensity for the storm duration. These
multiple iterations produce a more accurate result of the flow as opposed to the strict
singular input used for Excel (HydroCAD Software Solutions LLC). Another
inconsistency that could occur would be the flow coefficient values used for the defined
site. This value is determined from when the subcatchment properties were assigned in
the Methods (M-2.3) section of this report, and these values could differ from those used
for the Excel calculations.
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R-4: STORAGE VOLUME TANK AND OUTFLOW PIPE DESIGN

For the HydroCAD© model, the design volume for storage is determined using
equation M-9 and the 500-year flow values for each development. The design output is
shown in Table 9 below. This is the target value that must be at or exceeded by the
StormTech device.

Table 9: Design Volume
Design Volume (acre-ft)
0.422

Based on iterations of the number of rows and chambers per row for the storage
device, the ideal dimensions are 6 and 18 respectively. These dimensions provide a total
storage volume of 0.439 acre-ft, which is above the target volume. Once a suitable set of
dimensions is found, the structure must be able to fit at the location determined on the
site. Based on the outputs of the HydroCAD© model, the base width is 55.75 feet, and the
length is 79.57 feet. Additionally, the model also determines the height to be 6.75 feet.
All of the information from the model outputs is shown on the right side of Figure 15
below.
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Figure 15: HydroCAD© Outputs for Underground Storage Basin

Based on the found dimensions of the storage device, the civil site plans can be
used to find a location suitable for placement. Using Bluebeam© to trace the dimensions
of the rectangular structure, an approximate location is determined for the structure. The
initial proposal for placing the structure involved the basin to be located under the
parking lot only. This would prevent interference between the foundation designs and the
integrity of the soil supporting it. According to the provided dimensions, and the
comparison shown below in Figure 16, the basin will fit under the parking lot as initially
decided (Eley and Barkley C-7).
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The ductile iron pipe receiving the runoff from the site is designed using the peak
flow rate from the pre-developed condition, which from Table 9 above is 5.72 cfs
(Ordinance No. 2018-14). Using this value, with the parameters described in section M-5,
the calculated outflow diameter pipe is 10 inches and is shown in Appendix A-2.1. This
pipe will connect to the drainage basin as well as other systems such as curb drains, to the
main city stormwater system on Jackson Avenue (Surbeck). The curb drains are assumed
to be on the site per typical construction but are not in the scope of this report and will
therefore not be calculated for a specific flow rate (Brunton). Figure 16 shows the
proposed fitting of the underground basin as well as the outflow pipe locations on the
site.

Figure 16: Site Plan for Underground Basin and Outflow Pipe

47

R-5: WASTEWATER PIPE DESIGN

Using the relatively small flow rate provided by the estimation, the diameter of
the iron ductile pipe can be calculated. Using the processes described in section M-6.2 of
this report, the calculation yielded a diameter of 1.1 inches. Immediately, this number
sparks attention due to its small size. But, in comparison with the flow rates and pipe
sizing of stormwater management sections, this small flowrate should provide a
dimension that small. The results of the wastewater calculations are shown in Table 10
below.
Table 10: Total Wastewater Output
Unit
Residential
Commercial

GPD

Total Complex

CFS
8040
2551.8

0.012
0.004

10592

0.02

The impracticality of this pipe is overruled, however, by the ordinances of
Oxford, where, a minimum of 8 inches is to be assumed for all gravity sewer facilities
(MS Public Works Department). Therefore, the wastewater pipe provided shall consist of
ductile iron, and have an inside diameter of 8 inches.
Installation of the pipe, like the pipe dimensions, is regulated by the Oxford
Specifications for Wastewater and Sewer Facilities. This codes states a variety of
guidelines for how the pipe must be installed that include: a minimum of 36 inches of
cover over the top of the pipe (4.b) at least 6 inches and no more than 12 inches for the
width coverage (4.b.1) , and the bottom soil layer must be rounded to the shape of the
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pipe installed (MS Public Works Department, 4.b.2). A cross-sectional view of the
proposed stormwater drainage system is shown below in Figure 17, and a plan view is
shown by the blue line in Appendix A-1.19.

Figure 17: Wastewater Pipe System Cross-Sectional View
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R-6: RAIN GARDEN DESIGN

The objective of the proposed rain garden is to reduce the amount of runoff that
will flow into the designed underground storage basin implemented in section R-4 above.
As described in the methods section for rain garden design, the proposed location sits on
the west side of the property and covers an area of approximately 1,978 square feet.
Because the cutout of soil will be made as a strict triangular prism with no sloping into
the bottom, this will be the area used in all design calculations.
Designating the top pond layer to have a constant depth of one foot, the remaining
sand and gravel layers are the only values being iterated in the process. Due to the
relatively small size of the rain garden, a higher total depth value must be achieved as to
maximize the storage capacity of the garden. However, to minimize the costs of this
green device, the total maximum depth of the garden will not exceed 8 feet. The results of
iteration are shown in Table 11 and the full iteration table is located in Appendix A-2.2.

Table 11: Iterative Outputs for Total Pore Volume
Depth (ft)
Gravel

Sand

2

5

Volume
Total Pore
Total Pore
Volume (ft3)
Volume (acre-ft)
7398
0.172

The combination that yields the highest pore volume of 7596 ft3 (0.177 acre-ft)
consists of a one-foot gravel layer and a six-foot sand layer. However, the recommended
combination is a two-foot layer of gravel and a five-foot layer of sand for maintenance
soil integrity and support. Although the rain garden cannot hold all of the design runoff
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volume of 0.422, it can reduce the amount of underground storage needed for the site.
This poses many benefits to the site including the visual aesthetic of a garden on the site,
as well as reducing the costs of underground storage material.
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CONCLUSION
In summation, the design systems for the NOLA site are overviewed in Table 12.
The included systems are based on the Oxford City ordinances, and the calculated values
described in the methods and results section.

Table 12: System Design Overview
System
Underground Storage Tank
consisted of ADS
StormTech MC-4500+Cap
Ductile Iron Stormwater
Outflow Pipe
Ductile Iron Wastewater
Outflow
Rain Garden

Dimensions
• 6 rows and 18
chambers per row
• Approximate area
covered: 4480 sf

Location on Site
Figure 16

10” interior diameter

Figure 16

8” interior diameter

Appendix A-1.19

1’ ponding layer
3’ sand
2’ gravel

Figure 11

While the only mentioned device for green alternative is the rain garden, there are
other infrastructure alternatives that the NOLA site could benefit from. One concept
considered is the use of porous asphalt for the parking lot. Porous asphalt allows
stormwater to seep through into a stone bed which then infiltrates into the ground (Porous
Asphalt). This could prove to be useful for a site such as the NOLA, where there is a
large amount of asphalt coverage. Although the cost for this would be more than
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conventional asphalt, it would again provide the benefit of using a green alternative
(Porous Asphalt).
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APPENDIX
A-1 Methods
A-1.1 Defining Length of Flow

A-1.2 Finding Slope Based on Elevations Given by Civil Drawing

A-1.3 Table 15-1 From NRCS Handbook for Manning’s Coefficient
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A-1.4 NOAA Data for Defining P2 Value for Oxford, MS
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A-1.5 Figure 15-4 from NRCS Handbook for Calculating Flow Velocity

A-1.6 Estimating Site Coverage for Asphalt and Grassy Areas
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A-1.7 NRCS Handbook Velocity Equations for Shallow Concentrated Flow

A-1.8 NRCS Predevelopment Tc Excel Workbook
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A-1.9 NRCS Post-Development Tc Excel Workbook

A-1.10 Subcatchment Properties for Post-Developed Site
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A-1.11 Subcatchment Flow Values for Pre-Developed Site

A-1.12 Subcatchment Values for Post-Developed Site
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A-1.13 Flow Coefficient Values from Mays
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A-1.14 NOAA Precipitation Intensity Values for Oxford, MS

A-1.15 Table for Interpolation of Predevelopment Intensity Values

A-1.16 Overview of Predevelopment Peak Flow Values
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A-1.17 Overview of Inputs for the Abt and Grigg Method
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A-1.18 Table 5.1.1 from NCDHS Method for Calculating Wastewater GPD
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A-1.19 Wastewater Pipe Slope Designation

A-1.20 Excel Workbook for Calculating Rain Garden Storage Volume
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A-2 Results and Discussion
A-2.1 3D Model and Cross-Sectional Stormwater Pipe
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A-2.2 Table of Iterations for Rain Garden
Depth (ft)
Gravel

Sand

1
1.25
1.5
1.75
2
2.25
2.5
2.75
3
3.25
3.5
3.75
4
4.25
4.5
4.75
5
5.25
5.5
5.75
6

6
5.75
5.5
5.25
5
4.75
4.5
4.25
4
3.75
3.5
3.25
3
2.75
2.5
2.25
2
1.75
1.5
1.25
1

Volume
Total Pore
Total Pore
Volume (ft3)
Volume (acre-ft)
7596
0.177
7546
0.175
7497
0.174
7447
0.173
7398
0.172
7348
0.171
7299
0.170
7249
0.169
7200
0.167
7150
0.166
7101
0.165
7052
0.164
7002
0.163
6953
0.162
6903
0.161
6854
0.159
6804
0.158
6755
0.157
6705
0.156
6656
0.155
6607
0.154
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